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BP-15 = British Petroleum fuel (sulfur content is 13ppm.); EGR = Exhaust Gas Recirculation; NOx emissions were 
reduced for lower peak combustion temperature (heat absorbed by the exhaust gas recirculated into the intake manifold). 
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Section I: Basic Fleet Information 
    
Number of Routes 8 Routes 
Number of Buses 50 Buses 
Inflation Index 3% None 
Operator Rate 50 $/hr 
Maintenance Technician Rate 50 $/hr 
Base Year 2007 None 
Current Year 2010 None 
Projection Life 12 Years 
Bus Useful Life 12 Years 
Number of Bus Types 5 Types 
Heat Load 5 None 
A/C Load 5 None 
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Set of Effects   Importance Level to User   
Reduce Well-to-Wheels GHG Emissions F ========= 
Reduce Vehicle-Related Capital Cost 3
Reduce Other Capital Cost 3
Reduce Operation Cost 43 ========== 
Reduce Infrastructure Cost 3
Reduce Staff Training Cost 3
Reduce Well-to-Tank GHG 3
Reduce Tank-to-Wheels GHG (Tailpipe) Emissions 3
Improve Social Image 3
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Section III: Bus Information               
  
Bus 
Series 
Bus 
Technologies Model Year 
Total 
Amt 
Bus 
Length Bus Age 
Ext 
Warranty 
New Infr 
Bus Cap 
Eqpt Bus 
Cap 
BusE 
Fuel Cell - 
Hydrogen 2007-2010 1 40-ft 2 3 10 1 
BusD 
Diesel Hybrid-
Electric Post 2010 4 60-ft 1 3 0 5 
BusC 
Diesel Hybrid-
Electric Pre-2007 10 60-ft 7 0 0 0 
BusB 
Conventional 
Diesel Pre-2007 10 30-ft 5 0 0 0 
BusA 
Conventional 
Diesel Pre-2007 25 40-ft 10 0 0 0 
Continue the above table 
Bus 
Series 
Engine RR 
Sched 
Transmissio
n RR Sched 
# of Driver 
Trainee 
# of Mech 
Trainee ESS Replacement Schedule 
BusE 
7,6,6,6,6,6……
….. 
7,6,6,6,6,6…
…….. 3 10 6 Year Life 
BusD 
7,6,6,6,6,6……
….. 
7,6,6,6,6,6…
…….. 10 20 6 Year Life 
BusC 
7,6,6,6,6,6……
….. 
7,6,6,6,6,6…
…….. 0 0 4 Year Life 
BusB 
6,4,4,4,4,4……
….. 
6,4,4,4,4,4…
…….. 0 0 No Replacement 
BusA 
6,4,4,4,4,4……
….. 
6,4,4,4,4,4…
…….. 0 0 No Replacement 
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15.2                 
47.0 19.5 Bus Stop End Stop 1-1 Stop 1-2 ….. Stop 1-13 Stop 1-14 Stop 1-15 
15.2 miles IIIIIIIIIIIIIII Distance mile 1.8 3.0 ….. 15.0 15.2   
47 mins IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Depart Time minute 2.0 7.0 ….. 45.0 47.0   
19.5 mph IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Ave Speed mph 54.0 14.4 ….. 13.9 4.6   
83220.0 228.0 Trips/Day Trip 15           
8.5         
40.0 12.8 Bus Stop End Stop 1-1 Stop 1-2 
8.5 miles IIIIIIII Distance mile 8.5   
40 mins IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Depart Time minute 40.0   
 12.8 mph IIIIIIIIIIIIIIIIIIIIIIIII Ave Speed mph 12.8   
46537.5 127.5 Trips/Day Trip 15   
A;
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Route ID Distance Trip Time Trips/Day Ave Spd Daily Dist. Annul Dist. AC Load Heat Load 
Unit Miles Minute Trips MPH Miles Miles     
Route 1 15.2 47.0 15.0 19.5 228.0 83220.0 5.0 5.0 
Route 2 9.0 55.0 42.0 9.9 378.0 137970.0 5.0 5.0 
Route 3 7.2 42.0 16.0 10.3 115.2 42048.0 5.0 5.0 
Route 4 19.0 47.0 15.0 24.3 285.0 104025.0 5.0 5.0 
Route 5 19.8 47.0 15.0 25.3 297.0 108405.0 5.0 5.0 
Route 6 8.6 55.2 10.0 9.4 86.0 31390.0 5.0 5.0 
Route 7 12.9 18.0 20.0 43.0 258.0 94170.0 5.0 5.0 
Route 8 8.5 40.0 15.0 12.8 127.5 46537.5 5.0 5.0 

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BusE BusD BusC BusB BusA 
Bus Length 40-ft 60-ft 60-ft 30-ft 40-ft 
Bus Amt 1 4 10 10 25 
Route 1 0 0 0 4 2 
Route 2 0 0 5 0 2 
Route 3 0 2 3 0 3 
Route 4 0 2 0 0 2 
AA

Route 5 0 0 0 0 7 
Route 6 0 0 0 6 2 
Route 7 0 0 2 0 4 
Route 8 1 0 0 0 3 

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Model Year 
Bus Length 
30-ft 40-ft 60-ft 
Conventional Diesel 
Pre-2007 
 
$      255,000  
 
$      300,000  
 
$      390,000  
2007-2010 
 
$      263,500  
 
$      310,000  
 
$      403,000  
Post 2010 
 
$      268,600  
 
$      316,000  
 
$      410,800  
Conventional CNG 
Pre-2007 
 
$      289,000  
 
$      340,000  
 
$      442,000  
2007-2010 
 
$      289,000  
 
$      340,000  
 
$      442,000  
Post 2010 
 
$      289,000  
 
$      340,000  
 
$      442,000  
Diesel Hybrid-Electric 
Pre-2007 
 
$      450,500  
 
$      530,000  
 
$      689,000  
2007-2010 
 
$      433,500  
 
$      510,000  
 
$      663,000  
Post 2010 
 
$      368,475  
 
$      433,500  
 
$      563,550  
B20 Biodiesel 
Pre-2007 
 
$      255,000  
 
$      300,000  
 
$      390,000  
2007-2010 
 
$      263,500  
 
$      310,000  
 
$      403,000  
Post 2010 
 
$      268,600  
 
$      316,000  
 
$      410,800  
Battery Electric 
Pre-2007 
 
$      352,750  
 
$      415,000  
 
$      539,500  
2007-2010 
 
$      348,500  
 
$      410,000  
 
$      533,000  
Post 2010 
 
$      318,538  
 
$      374,750  
 
$      487,175  
Fuel Cell - Hydrogen 
Pre-2007 
 
$   2,120,000  
 
$   2,494,118  
 
$   3,242,353  
2007-2010 
 
$   2,040,000  
 
$   2,400,000  
 
$   3,120,000  
Post 2010 
 
$   1,734,000  
 
$   2,040,000  
 
$   2,652,000  
Gasoline Hybrid-
Electric 
Pre-2007 
 
$      450,500  
 
$      530,000  
 
$      689,000  
2007-2010 
 
$      433,500  
 
$      510,000  
 
$      663,000  
Post 2010 
 
$      368,475  
 
$      433,500  
 
$      563,550  
Sources: TRCP C-15 LCC Model and APTA 2008 Transit Statistics [20] 
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Model Year 
Bus Length 
30-ft 40-ft 60-ft 
Conventional Diesel 
Pre-2007 
 
$           -  
 
$           -  
 
$           -  
2007-2010 
 
$           -  
 
$           -  
 
$           -  
Post 2010 
 
$           -  
 
$           -  
 
$           -  
Conventional CNG 
Pre-2007 
 
$           -  
 
$           -  
 
$           -  
2007-2010 
 
$           -  
 
$           -  
 
$           -  
Post 2010 
 
$           -  
 
$           -  
 
$           -  
Diesel Hybrid-Electric 
Pre-2007 
 
$   3,000  
 
$   3,000  
 
$   3,000  
2007-2010 
 
$   3,000  
 
$   3,000  
 
$   3,000  
Post 2010 
 
$   3,000  
 
$   3,000  
 
$   3,000  
B20 Biodiesel 
Pre-2007 
 
$           -  
 
$           -  
 
$           -  
2007-2010 
 
$           -  
 
$           -  
 
$           -  
Post 2010 
 
$           -  
 
$           -  
 
$           -  
Battery Electric 
Pre-2007 
 
$   3,000  
 
$   3,000  
 
$   3,000  
2007-2010 
 
$   3,000  
 
$   3,000  
 
$   3,000  
Post 2010 
 
$   3,000  
 
$   3,000  
 
$   3,000  
Fuel Cell - Hydrogen 
Pre-2007 
 
$   6,000  
 
$   6,000  
 
$   6,000  
2007-2010 
 
$   6,000  
 
$   6,000  
 
$   6,000  
Post 2010 
 
$   6,000  
 
$   6,000  
 
$   6,000  
Gasoline Hybrid-Electric Pre-2007 
 
$   3,000  
 
$   3,000  
 
$   3,000  
2007-2010 
 
$   3,000  
 
$   3,000  
 
$   3,000  
C2

Post 2010 
 
$   3,000  
 
$   3,000  
 
$   3,000  
Sources: TRCP C-15 LCC Model 
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Model Year 
Bus Length 
30-ft 40-ft 60-ft 
Conventional Diesel 
Pre-2007 
 
$           6,750  
 
$           6,750  
 
$           6,750  
2007-2010 
 
$           6,750  
 
$           6,750  
 
$           6,750  
Post 2010 
 
$           6,750  
 
$           6,750  
 
$           6,750  
Conventional CNG 
Pre-2007 
 
$           7,425  
 
$           7,425  
 
$           7,425  
2007-2010 
 
$           7,425  
 
$           7,425  
 
$           7,425  
Post 2010 
 
$           7,425  
 
$           7,425  
 
$           7,425  
Diesel Hybrid-Electric 
Pre-2007 
 
$         30,000  
 
$         30,000  
 
$         30,000  
2007-2010 
 
$         25,000  
 
$         25,000  
 
$         25,000  
Post 2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
B20 Biodiesel 
Pre-2007 
 
$           6,750  
 
$           6,750  
 
$           6,750  
2007-2010 
 
$           6,750  
 
$           6,750  
 
$           6,750  
Post 2010 
 
$           6,750  
 
$           6,750  
 
$           6,750  
Battery Electric Pre-2007    
CA

$         30,000  $         30,000  $         30,000  
2007-2010 
 
$         25,000  
 
$         25,000  
 
$         25,000  
Post 2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
Fuel Cell - Hydrogen 
Pre-2007 
 
$         60,000  
 
$         60,000  
 
$         60,000  
2007-2010 
 
$         50,000  
 
$         50,000  
 
$         50,000  
Post 2010 
 
$         40,000  
 
$         40,000  
 
$         40,000  
Gasoline Hybrid-Electric 
Pre-2007 
 
$         30,000  
 
$         30,000  
 
$         30,000  
2007-2010 
 
$         25,000  
 
$         25,000  
 
$         25,000  
Post 2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
Sources: TRCP C-15 LCC Model 
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Model Year 
Bus Length 
30-ft 40-ft 60-ft 
Conventional Diesel 
Pre-2007 
 
$         20,000  
 
$         20,000  
 
$         20,000  
2007-2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
Post 2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
Conventional CNG 
Pre-2007 
 
$         20,000  
 
$         20,000  
 
$         20,000  
2007-2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
Post 2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
Diesel Hybrid-Electric 
Pre-2007 
 
$         15,000  
 
$         15,000  
 
$         15,000  
2007-2010 
 
$         15,000  
 
$         15,000  
 
$         15,000  
Post 2010 
 
$         15,000  
 
$         15,000  
 
$         15,000  
B20 Biodiesel 
Pre-2007 
 
$         20,000  
 
$         20,000  
 
$         20,000  
2007-2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
Post 2010 
 
$         20,000  
 
$         20,000  
 
$         20,000  
Battery Electric 
Pre-2007 
 
$                   -  
 
$                   -  
 
$                   -  
2007-2010 
 
$                   -  
 
$                   -  
 
$                   -  
Post 2010 
 
$                   -  
 
$                   -  
 
$                   -  
Fuel Cell - Hydrogen 
Pre-2007 
 
$         70,588  
 
$         70,588  
 
$         70,588  
2007-2010 
 
$         70,588  
 
$         70,588  
 
$         70,588  
Post 2010 
 
$         70,588  
 
$         70,588  
 
$         70,588  
Gasoline Hybrid-Electric 
Pre-2007 
 
$         15,000  
 
$         15,000  
 
$         15,000  
2007-2010 
 
$         15,000  
 
$         15,000  
 
$         15,000  
Post 2010 
 
$         15,000  
 
$         15,000  
 
$         15,000  
Sources: TRCP C-15 LCC Model 
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Randomly Create First 
Generation Population
(A Group of Individuals)
Generation N
Evaluation of performance 
index for each individual
Genetic alteration
New population
Mutation – choose new 
buses to replace buses for 
new purchases
Crossover – swap buses 
between routes for existing 
fleet
Original Fleet Dispatch
(One Individual)
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Variables     Units 
Number of Individuals ;33 Dispatches 
Number of Generations 233 Generations 
Crossover Rate ;3D None 
Mutation Rate 3+3;D None 
Number of Buses Replaced 3 Buses  
Convergent Ratio 4+3
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Step 1: Select Parents
75482 9361
Father
42913 8675
Mother
75482 9361
42913 8675
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N CIO "'t It) ....._ ..- <D M 0'> 
( 1) 
1 o 1 o 1 1 o 1 ol 
N ..-"'tIt) ....._CIO <D M 0'> 
(2) Q WJ?J2Jfi Q Q n 
• • • Dad Mom Dad 
I I I 
It)..- "'t N ....._CIO <D M 0') 
(3) 
It)..- "'t N ....._CIO <D M 0'> 
(4) iiULQ JlJlQ Q Q Q 
• • • • Mom Dad Mom Dad 
I I I I 
It)..- "'t N <DCIO ....._ M 0'> 
(5) 
• • • Mom Dad Mom 
I I I 
• • Mom Dad 
I I 
It)..- "'t N <DO'>....._ M CIO 
(6) 
• • • Mom Dad Mom 
I I I 
• • • Mom Dad Mom 
I I I 
• Mom - Mother Dispatch 
• Dad- Father Dispatch 
(1) Offspring dispatch 1 has the same bus 
sequence with father dispatch. An Arabic 
number is associated to a bus number 
(2) A chain of digits 0 or 1 was created in 
random order before crossover. Digits 0 and 
1 had equal chance to be created . Total 
number of 0 and 1 equals to the number of 
buses. 
Crossover starts from left to right. If digit 1 
is found, no change to Sibling dispatch 1. In 
this case, the first bus is still Bus 2. 
If digit 0 is found, its bus switched to the 
bus number in mother dispatch. As shown in 
(2), the second bus number becomes bus 
number 1. Now offspring dispatch 1 had two 
Bus 1. So an internal crossover was made. 
Offspring dispatch 1's original bus number 
was bus number 8. Instead of simply 
changing Bus 8 to Bus 1, Bus 8 and Bus 1 swap 
with each other in offspring dispatch 1. As 
shown in (2), the second gene swap with bus 
number 1 which used to at the sixth spot. 
The digit 1 is found for the third bus 
location, no change was made. 
(3) Digit 0 was found for the fourth location, 
the internal crossover was made between 
fourth and first one. 
(4) The fifth and sixth location did not change 
because of the digit 1. 
(5) Again the Internal crossover was made 
between the fifth and seventh locations. No 
change was made to the eighth one. 
(6) Internal crossover is made between sixth 
and ninth. 
* In the end of crossover, the offspring 
dispatch 1 has four bus locations same to the 
mother dispatch and two gene order same to 
the father dispatch. A new dispatch was 
created . 
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Variables     Units Variables     Units 
Number of Individuals 2A3 Individuals Start from Previous Stop 3 None 
Number of Generations 4333 Generations Restart from 4 None 
Crossover Rate A3D None 
Mutation Rate 3+4D None 
Number of Buses Replaced 3 Buses  
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Section XI: Opt imized Current Year Fleet Cost and Emissions Performance 
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